A trial was conducted with 60 steers (257 kg) to determine the influence of prefast feed intake on recovery from feed and water deprivation. For 3 d, steers were fed a 35% roughage diet at 1 (LI) or 1.75% (MI) of body weight or ad libitum (AL). Steers were then deprived of feed and water for 24 h, limit-fed and watered for 24 h, deprived of feed and water for 48 h and then allowed ad libitum feed and water consumption for 2 wk. A fourth group of control steers was fed at 1.75% of body weight during the alimentation period and was not fasted. Realimentation feed intake was positively related to prefast feed intake, with the order of realimentation feed intake being AL > MI > LI (P<.05). During deprivation, rumen volume declined (P<.05) in AL-fed steers, but was not affected in LI and MI steers. Blood hemoglobin and serum urea-N increased during deprivation in all fasted groups. Prefast serum cholesterol levels were inversely related to prefast energy intake. During deprivation, rumen fluid total volatile fatty acid (VFA) 4Mention of a specific product or piece of equipment does not constitute an endorsement by the USDA or the Texas Agr. Exp. Sta., and does not imply their approval to the exclusion of other products that may be suitable.
Summary
A trial was conducted with 60 steers (257 kg) to determine the influence of prefast feed intake on recovery from feed and water deprivation. For 3 d, steers were fed a 35% roughage diet at 1 (LI) or 1.75% (MI) of body weight or ad libitum (AL). Steers were then deprived of feed and water for 24 h, limit-fed and watered for 24 h, deprived of feed and water for 48 h and then allowed ad libitum feed and water consumption for 2 wk. A fourth group of control steers was fed at 1.75% of body weight during the alimentation period and was not fasted. Realimentation feed intake was positively related to prefast feed intake, with the order of realimentation feed intake being AL > MI > LI (P<.05). During deprivation, rumen volume declined (P<.05) in AL-fed steers, but was not affected in LI and MI steers. Blood hemoglobin and serum urea-N increased during deprivation in all fasted groups. Prefast serum cholesterol levels were inversely related to prefast energy intake. During deprivation, rumen fluid total volatile fatty acid (VFA) concentrations and propionate and butyrate molar proportions declined (P<.05) and acetate, isobutyrate and valerate + isovalerate molar proportions increased (P<.05). Results of this 1Contribution from USDA, Agricultural Research Service, in cooperation with the Texas Agr. Exp. Sta., Texas A&M Univ., College Station 77843.
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Introduction
Feed and water deprivation can have a detrimental effect on calf rumen fermentative activity and subsequent feed consumption Cole and Hutcheson, 1981a; Galyean et al., 1981) . The effect of fasting on rumen and blood variables has been studied using different prefast and postfast diets and lengths of fast. In some studies, feed intake returned to normal soon after the reintroduction of feed and water, while in other trials several days were required for feed intake to return to normal Cole and Hutcheson, 1981a,b) . The reason for these discrepancies is not clear, but the quantity of feed or type of diet fed before fasting could be responsible.
During marketing, feeder calves may have limited access to feed and water and the feed is frequently of low quality. In addition, feed intakes are often low during the first 2 wk in the feedlot. These periods of inadequate nutrition, in combination with other stressors, can result in an increased incidence of disease and reduced performance. If these periods of inadequate nutrition could be reduced, animal health and performance could be improved. The quantity and quality of the diet fed before a fasting period could affect the animal's nutrient status and rumen fermentative capacity. However, the effects of prefast diet on recovery from feed and water deprivation have not been determined. The objective of this study was to determine the influence of prefast feed intake on 772 JOURNAL OF ANIMAL SCIENCE, Vol. 60, No. 3, 1985 blood chemistry, rumen variables and postfast feed intake of feeder steers.
Materials and Methods
Sixty steers "of mixed British breeding, averaging 257 kg, were randomly assigned to 12 pens (five steers/pen) and four dietary treatments (three pens/treatment). All steers were fed a 35% roughage diet (table 1) at 2% of body weight during a 2-wk adaptation period. During a 3-d prefast period, steers were fed at one of three intake levels: 1% of body weight (LI), 1.75% of body weight (MI) and ad libitum (AL). To simulate normal nutritional conditions during marketing, steers were then deprived of feed and water for 24 h, refed at prefast levels and watered for 24 h, deprived for 48 h and refed the prefast diet ad libitum for 14 d. The fourth group of control steers was continuously fed (1.75% of body weight) and provided water ad libitum during the deprivation period and then fed ad libitum for 14 d. This feed intake (1.75% of wt) was used because it was approximately intermediate to the intakes of the LI and AL-fed steers. Feed consumption for each pen was recorded daily. Pen water consumption was determined using flowmeters on each waterer. Steers were weighed and blood samples were taken by jugular venapuncture between 0900 and 1100 h on the following days: 1) start of prefast period (d -8~, 2) start of first deprivation period (d -4), 3) end of second deprivation period (d 0) and 4) d 3, 10 and 14 of the realimentation period. Ten milliliters of blood were collected in plasma tubes containing lithium heparin and 10 ml were collected in serum tubes containing no anticoagulant. Blood collected in plasma tubes was stored at 4 C and used for whole blood determinations. Serum tubes were allowed to clot, centrifuged and serum was separated and frozen for later analysis. Rumen volumes were determined in 10 steers on each treatment at the start of the first deprivation period, the end of the second deprivation period and on d 3 and 10 of realimentation. Steers were drenched with 1.0 g of lithium sulfate in 50 ml of water and a rumen sample was taken by a stomach tube equipped with a stainless steel strainer (1 mm pore size) 1.5 h later. The total lithium (Li) dosage divided by the rumen Li concentration at 1.5 h yielded an estimate of rumen volume. Lithium concentrations in the 1.5-h sample were corrected for background determined in the O-h sample. The single sample procedure was used rather than multiple sampling because of the number of animals to be sampled and to avoid possible injury to the steers by repeated stomach tubing. Clark et al. (1972) and Teeter and Owens (1981) reported that polyethylene glycol (PEG) was equilibrated in the rumen within 2 h of dosing. Rumen PEG concentrations at 2 h postdosing are highly correlated (r=.87) to rumen volume (Sinha et al., 1970) . Calculations based on the data of Corbett et al. (1959) indicate that 1-h rumen samples will yield mean rumen volumes similar to va!ues determined by multiple sampiing (68 vs 65 liters, respectively), but that the standard deviation is much larger (14 vs 5.1, respectively). Su (1980) , using lithium sulfate, reported that rumen volumes determined by a single 1-h sample were similar to volumes determined by multiple sampling (34.6 + 2 and 31.6 + 2.9 liters, respectively). Because large differences in rumen volume were expected, the authors felt that the single sample technique would yield sufficiently accurate results in this trial. A number of liquid markers (PEG and ethylenediaminetetraacetic acid complexes) have been shown to bind to cottonseed hulls (Teeter and Owens, 1981) , a major ingredient in the experimental diet. For this reason, lithium sulfate was used as the marker. Although small amounts of Li may be absorbed bstandard error of the mean.
c'd'eMeans in same row that do not have a common superscript differ (P<.05).
fCalculated from end of deprivation period.
and recycled to the rumen, Walker and Hawley (1965) reported that rumen volumes determined with lithium sulfate were similar to those determined with PEG.
Laboratory Analysis. Blood serum was analyzed for urea-N by the colorometricdiacetyl monoxime procedure of Marsh et al. (1965) . Serum triglycerides and cholesterol were determined by enzymatic-colorimetric methods using commercial diagnostic kits s. Plasma, whole blood and rumen fluid K, Na and Li were analyzed by flame photometry 6 (Coleman Instruments, 1956 ). Blood packed cell volumes (PCV) were determined within 1 h of collection using microhematocrit tubes. Rumen fluid volatile fatty acids (VFA) were determined by gas chromatography ~ (Erwin et al., 1961) 
Results and Discussion
Mean initial weights were similar for all treatment groups (table 2). During the 3-d prefast period, weight changes were dependent upon feed intake, with LI steers losing more (P<.05) weight than steers in the remaining treatments. As expected, weight losses were similar for control and MI calves during the prefast period. Steers fed AL gained weight during the prefast period. During the deprivation period, AL-fed steers lost more (P<.05) weight than did the LI and MI steers, but during the first 3 d of refeeding, AL-fed steers gained weight more rapidly (P<.05) than did LI and MI steers. Weight gains calculated from postdeprivation weights were similar for the three fasted groups by d 10 of refeeding. Control and AL-fed steers had returned to their initial weight within 2.5 d of refeeding, while M1 steers required almost 7 d and LI steers required 10 d.
During the prefast period, AL-fed steers consumed an average of 8.6 kg of feed dry matter" head-l"d -I (3.3% of body weight; table 3). aLI= 1% of body weight; MI = 1.75% of body weight; AL = ad libitum.
bstandard error of the mean.
CConsumption on 1 d of refeeding.
d'e'f'gvalues in same row that do not have a common superscript differ (P<.05).
h'ivalues in same row with different superscripts differ (P<.10).
Dry matter intakes during the first 3 and 10 d of realimentation were positively related to the dry matter intake during the prefast period, with steers fed AL consuming more (P<.05) dry matter than steers in the remaining treatment groups. The LI steers had the lowest (P<.05) dry matter intakes throughout the realimentation period. Control and MI steers had similar dry matter intakes by d 10 of realimenration. The low feed consumption of control steers during d 1 to 3 was partly due to a feeding error on d 1 and 2 when steers were fed only 5 kg'head-l'd -1. Water intakes (table 3) were directly related to dry matter intakes. Low intake steers consumed less water (P<.10) than did steers in the other treatment groups during the first 10 d of realimentation. Blood PCV (table 4) was not affected (P>.10) by feed and water deprivation, but tended to increase during deprivation. On d 3 of realimentation, LI and MI steers tended (P<.10) to have higher PCV than control steers, with AL-fed steers being intermediate. Changes in blood hemoglobin concentrations followed the same trend as changes in PCV (table 4) . Blood hemoglobin declined (P<.05) in control, MI and AL-fed steers and tended (P<.10) to decline in LI steers during the first 3 d of realimentation. Whole blood K (table 4) was not significantly affected by feed and water deprivation, but declined (P<.05) in LI and AL-fed steers upon ad libitum feeding. Erythrocyte K tended to decline in all treatment groups during deprivation, but the decline was significant only in LI steers. Erythrocyte K tended to be higher in LI steers than in AL-fed steers at each sampling, with the difference being significant on d -4 and 3. Serum K increased (P<.05) during deprivation in all of the fasted groups. This increase was significant even when postdeprivation values were corrected for changes in PCV. During the first 3 d of realimentation, serum K declined (P<.05) in control and LI steers and tended to decline in MI and AL-fed steers. During deprivation, the steers homeostatic mechanisms were able to maintain blood K at prefast levels. It appeared that during deprivation, K moved from the erythrocytes to the serum, an indication that dehydration occurred.
Serum urea-N (table 5) increased (P<.05) during deprivation but declined (P<.05) upon refeeding. Serum cholesterol and triglycerides were not significantlF ' affected by deprivation but declined (P<.05) upon refeeding. Immediately before the fasting period, serum cholesterol levels were negatively related to the feed a--4 = prefast, 0 = postfast, 3 and 10 = days refed. bcontrol = no fast, LI = 1% of body weight, MI --1.75% of body weight, AL = ad libitum.
CStandard error of the mean.
d'e'fvalues in same column that do not have a common superscript differ (P<.05).
gcontrol less than LI (P<.05).
hLI greater than control and AL (P<.05).
iValues in parentheses are corrected for changes in packed cell volume.
intake of the steers. Kronfeld et al. (1982) noted a similar relationship in dairy cows. Bowden and Kozub (1979) , however, observed a positive relationship between long-term energy intake and serum'cholesterol in heifers. Changes in serum cholesterol noted in the present study may be due to nonequilibrium between serum and tissue cholesterol resulting from the short sampling intervals. Prefastrumen volume (table 6) was directly related to prefast feed and water consumption.
Rumen volume declined (P<.05) during deprivation in AL-fed steers but did not change in LI and MI steers. Rumen volume increased (P<.05) in control, MI and ALfred steers but not in LI steers at d 3 of realimentation. Rumen volumes were similar for all treatment groups on d 10 of realimentation. Rumen fluid K concentration declined (P<.05) during deprivation in AL-fed steers and tended (P<.10) to decline in LI and MI steers. During realimentation, rumen fluid K increased (P<.05) over time in MI and ALfred steers. Rumen fluid Na was not significantly affected by deprivation, realimentation or prefast feed intake. Rumen fluid Na tended to be lower on d 3 of realimentation than at the end of the deprivation period, resuiting in a significant reduction in rumen fluid Na:K ratio between d 0 and 3 of refeeding in MI and AL-fed steers.
Prefast rumen VFA concentrations reflected prefast feed consumption (table 7) . During deprivation, rumen VFA concentrations declined (P<.05), but by d 3 of realimentation concentrations were equal to or higher than prefast levels. Rumen total VFA concentrations and molar proportions were similar for all fasted groups at the end of the deprivation period. Rumen acetate molar proportions increased (P<.05) during deprivation, with the increase being most pronounced in AL-fed steers 9 Acetate molar proportions were similar on d 3 and 10 of realimentation in control steers, tended (P<.10) to decline between d 3 and 10 in LI and MI steers and declined (P<.05) in ALfred steers 9 Rumen fluid propionate molar proportions declined (P<.05) during deprivation in AL-fed steers and tended (P<.10) to decline in LI and MI steers 9 Propionate molar proportions increased (P<.05) between d 0 and 3 and between d 3 and 10 of realimentation in MI and AL-fed steers. Rumen fluid butyrate molar proportions declined (P<.05) during deprivation and returned to near prefast levels by d 3 of realimentation. Isobutyrate and valerate + isovalerate molar proportions tended to increase during deprivation; however, they also tended to increase in the a--8 = start of prefeeding period; -4 = prefast; 0 = postfast; 3, 10 and 14 = days refed. bLI = 1% of body weight, MI = 1.75% of body weight, AL = ad libitum.
dFasted greater than control (P<.01).
e'f'g'hMeans in same column that do not have a common superscript differ (P<.05).
1Values in parentheses are corrected for changes in packed cell volume.
nonfasted control group, suggesting that factors other than feed and water deprivation may have accounted for a part of the increase. Rumen volume was the only prefast variable significantly correlated (r=.74; P<.05) to postfast feed or energy intake. Rumen fluid volume did not decline during deprivation except in AL-fed steers, suggesting that during a short fasting period, the animal may maintain a set rumen volume by recycling water absorbed from the lower gut or from other tissues. Over the deprivation period, AL-fed steers had a net loss in rumen volume (6.6 liters) and total rumen Na (849 meq) and K (128 meq). In contrast, LI steers had a net gain in rumen volume (1.6 liters) and Na (270 meq) and no net 9 change in rumen fluid K. a--4 = prefast, 0 = postfast, 3 and 10 --days refed. bLI = 1% of body weight, MI = 1.75% of body weight, AL =ad libirum.
d'e'fMeans in same column that do not have a common superscript differ (P<.05). a-4 = prefast, 0 = postfast, 3 and 10 = days refed. bLI = 1% of body weight, MI = 1.75% of body weight, AL = ad libitum.
d'e'f'gMeans in same column that do not have a common superscript differ (P<.05).
hAL different from remaining treatment groups (P<.05). fed a 20% protein prefast diet were more resistant to the adverse effects of a 24-h fast than were lambs fed a 10% protein diet. This effect, however, was not apparent after a 48-h fast (Koenig and Boling, 1981) . The higher protein diet did not apparently increase labile protein reserves; however, the improved N status could have been due to a greater N reserve within the gut. In the present study, prefast feed intake did not affect postfast serum urea-N. However, because the second fast was 48 h long, any short-term effect on N status may have been undetectable at the sampling times used in this study.
A larger prefast rumen volume could also serve to maintain more normal rumen contractions and fermentation. Control steers had apparently reached a stable rumen fermentation by d 3 of realimentation because no significant changes were seen in rumen VFA patterns be-tween d 3 and 10. Fasted steers, especially AL-fed steers, had marked changes in rumen fluid acetate and propionate molar proportions between d 3 and 10 of reaJimentation. These changes could be due to a direct change in rumen fermentation or to a change in rumen turnover rate that subsequently affected the tureen microbial population (Hodgson and Thomas, 1975) . Rumen VFA concentrations and molar proportions suggest that prefast feed intake did not affect recovery of rumen fermentation; however, AL-fed steers had a greater rumen volume and thus a greater tota] quantity of rumen VFA than did LI steers at each postfast sampling period. This suggests that total rumen fermentative capacity was greater in AL-fed than in LI steers. Feed intake during the first 3 to 7 d of realimentation is highly correlated to rumen fermentative capacity (N. A. Cole and D. P. Hutcheson, unpublished data) . The difference in feed intake, therefore, suggests that AL-fed steers had greater rumen fermentative capacity than did LI steers.
Conclusions
Increasing the prefast rumen volume of steers by increasing the prefast intake improved realimentation feed intake. Increased prefast feed intake appeared to provide a greater reserve of energy, water and electrolytes to the steer during deprivation. During transit stress, the rate of passage of water and digesta may be increased (Phillips et al., 1983) . During transit and fasting, therefore, the need for a rumen reserve of nutrients may be greater than during fasting alone. These data suggest that before a feed and water deprivation period such as marketing and transport, feeder calves should be allowed ad libitum consumption of feed and water in order to reduce the amount of time required to obtain normal feed intake.
